Introduction {#S0001}
============

Paradoxical reaction (PR) is defined as worsening of the existing disease or new tuberculosis lesions during anti-tuberculosis therapy. Drug resistance, adherence issues, secondary infection, malignancy and rheumatological disorders should be excluded.[@CIT0001] The common clinical manifestation of PR includes recurring symptoms such as fever, cough and polypnea, radiological deterioration, appearance of pleural effusion or ascites, new intracranial tuberculosis and the progression of lymphadenitis.[@CIT0002] PR can occur from one week to several months after the initiation of anti-tuberculosis treatments.[@CIT0003],[@CIT0004] It is more frequent in patients with extrapulmonary or disseminated tuberculosis.[@CIT0005] The incidence of PR is 2.4--23% in HIV-negative patients.[@CIT0006],[@CIT0007] The morbidity of PR is 11--36% in individuals co-infected with HIV who recently received highly active antiretroviral therapy (HAART) initiated.[@CIT0008],[@CIT0009] Here, we present five cases which were diagnosed as pulmonary tuberculosis or tuberculous pleuritis at first and were received standard treatments. A routine CT scan examination revealed newly formed pulmonary mass during the follow-up visit, which was verified as paradoxical reaction. PR manifested by new pulmonary mass is uncommon. We make a literature review to have a better understanding of PR.

Patients And Methods {#S0002}
====================

We collected the information of clinical manifestations, chest computerized tomography (CT) scans, laboratory findings, treatments, pathological biopsy results from five patients diagnosed as paradoxical reaction in the form of new pulmonary mass. The features of this phenomena were summarized and analyzed and a follow-up was made. A literature review related to paradoxical reaction was conducted.

Case Presentation {#S0003}
=================

Case 1 {#S0003-S2001}
------

A 52-year-old female with a history of anti-tuberculosis therapy for six months was referred to our department because a new mass appeared on chest CT during a regular routine checkup. Six months ago, the patient complained of right chest pain for one year. At that time, the CT showed a 1.7×1.4cm nodule in the right-superior pulmonary lobe ([Figure 1A](#F0001){ref-type="fig"} and [B](#F0001){ref-type="fig"}). There were no apparent lesions in the right-inferior lobe ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}). She denied history of smoking, malignancy, diabetes and other serious illness. Since both interferon-gamma release assays (IGRAs) and tuberculin skin tests were positive, a diagnosis of pulmonary tuberculosis was made. The patient started an induction chemotherapy consisting of isoniazid, rifampicin, ethambutol, pyrazinamide and levofloxacin. Due to the liver damage, the regimens were changed to isoniazid, rifapentine and ethambutol. Her symptoms were gradually improved. A week before this admission, CT scans revealed a new occupying lesion (3.4cm × 2.3cm) in the right-inferior lobe ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}), whereas the original nodule located in the superior lobe demonstrated improvement ([Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}). The patient denied symptoms of fever, cough, chest pain or weight loss. White blood cell (WBC) counts were 4.28×10^9^/L with 17.80% lymphocytes. Tuberculin skin test remained positive. Other laboratory results including erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), tumor markers, galactomannan test (GM-test), (1, 3)-β-D glucan test (G-test), autoantibodies related to connective tissue disease were within the normal ranges. HIV test was negative. CT-guided percutaneous lung biopsy demonstrated caseating granulomas ([Figure 3](#F0003){ref-type="fig"}). The patient was diagnosed as paradoxical reaction and was continued on anti-tuberculosis therapy. The size of new pulmonary mass was reduced to 1.5cm × 1.3cm one month later ([Figure 2E](#F0002){ref-type="fig"} and [F](#F0002){ref-type="fig"}) and was further reduced to 0.9cm × 1.1cm ([Figure 2G](#F0002){ref-type="fig"} and [H](#F0002){ref-type="fig"}) three months later. Currently, the patient is asymptomatic, and the original therapy continues.Figure 1Case 1. CT findings in the right-superior pulmonary lobe. (**A** and **B**) A 1.7×1.4cm nodule was found at the initial diagnosis of pulmonary tuberculosis. (**C** and **D**) The nodule was almost absorbed after six months of chemotherapy.Figure 2Case 1. Time course of CT findings in the right-inferior pulmonary lobe. (**A** and **B**) There was no obvious mass at the initial diagnosis of pulmonary tuberculosis. (**C** and **D**) A new occupying lesion in diameter of 3.4cm×2.3cm appeared after six months of chemotherapy, and its margin was irregular. (**E** and **F**) The mass was diminished to 1.5cm×1.3cm seven months after the initial diagnosis. (**G** and **H**) The mass was 0.9cm×1.1cm nine months after the initial diagnosis.Figure 3Case 1. CT-guided percutaneous lung biopsy shows caseous necrosis and granulomatosis surrounded by epithelioid and multinucleated giant cells. Hematoxylin and eosin, ×400.

Case 2 {#S0003-S2002}
------

A 35-year-old female was admitted to a community hospital because of polypnea, cough, sputum and intermittent fever four months ago. She has a medical history of HBV infection. The patient denied a history of smoking. Local CT scans revealed right pleural effusion and pleural thickening. Diagnostic thoracentesis showed tuberculous exudative fluid. A diagnosis of tuberculous pleuritis was speculated. The patient started anti-tuberculosis therapy with isoniazid, rifampicin, ethambutol and pyrazinamide. The patient's symptoms were gradually relieved, and the therapy was continued. Two weeks before, the patient developed cough and sputum. CT scans revealed a 3.9cm × 2.9cm mass in the right middle and inferior pulmonary lobe with no pleural effusion ([Figure 4](#F0004){ref-type="fig"}). WBC was 7.03×10^9^/L with 80.90% neutrophils. HGB was 122g/L. Results of examinations of ESR, CRP, liver function, tumor markers, GM-test, G-test and autoantibodies related to connective tissue disease were normal. HIV test was negative. IGRAs and tuberculin skin test were positive. Sputum smears and culture were negative for acid-fast bacilli. CT-guided percutaneous lung biopsy showed plentiful infiltration of epithelioid cells and lymphocytes ([Figure 5](#F0005){ref-type="fig"}). The patient was diagnosed as PR paradoxical and was continued on the original anti-tuberculosis therapy. She recovered well during the follow-up. Local CT scans showed that the pulmonary mass was diminished three months later.Figure 4Case 2. CT findings in the right middle and inferior pulmonary lobe. (**A** and **B**) A 3.9cm×2.9cm lobulated mass without pleural effusion was found was after four months of anti-tuberculosis treatment.Figure 5Case 2. CT-guided percutaneous lung biopsy shows plentiful infiltration of epithelioid cells and lymphocytes. Hematoxylin and eosin, ×400.

Case 3 {#S0003-S2003}
------

A 17-year-old female was diagnosed as pulmonary tuberculosis during a physical examination at the local hospital six months ago. She adopted a therapy of isoniazid, rifampicin, ethambutol and pyrazinamide. During the follow-up, CT scans showed that the original lesions were absorbed gradually while a new 1.4cm × 0.8cm ([Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}) nodule appeared in the left-superior lobe six months later. The patient denied symptoms of fever, cough, chest pain or weight loss. Laboratory results of ESR, CRP, liver function, tumor markers, GM-test, G-test and autoantibodies related to connective tissue disease were normal. HIV test was negative. IGRAs and tuberculin skin test were positive. CT-guided percutaneous lung biopsy showed tuberculous granuloma. The patient was diagnosed as PR and was continued on the original anti-tuberculosis therapy. The pulmonary mass was reduced to 1.0cm ×0.3cm ([Figure 6C](#F0006){ref-type="fig"} [and D](#F0006){ref-type="fig"}) two months later.Figure 6Case 3. Time course of CT findings in the left-superior pulmonary lobe. (**A** and **B**) A new occupying lesion in diameter of 1.4cm×0.8cm appeared after six months of chemotherapy with irregular margin and central low density. (**C** and **D**) The nodule was diminished to 1.0cm×0.3cm eight months after the initial diagnosis.

Case 4 {#S0003-S2004}
------

A 35-year-old female complained of right chest pain for several months and was diagnosed as tuberculous pleuritis at the local hospital. A therapy consisting of isoniazid, rifampicin, ethambutol and pyrazinamide was conducted. The patient's symptom was gradually alleviated. In a routine checkup after three months, a mass measuring 3.3cm × 2.0cm in the right-inferior lobe was discovered ([Figure 7](#F0007){ref-type="fig"}). Tumor markers, GM-test, G-test, autoantibodies related to connective tissue disease and HIV test were negative. Tuberculin skin test was positive. The patient refused CT-guided percutaneous lung biopsy. PR was speculated and the patient continued on the original therapy. Through a follow-up by phone, the patient appeared to recover well and the mass was absorbed after eight months.Figure 7Case 4. CT findings in the right-inferior pulmonary lobe. (**A** and **B**) A mass measuring 3.3cm×2.0cm was found after three months of anti-tuberculosis therapy. (**C** and **D**) The mass was irregular with a cavity.

Case 5 {#S0003-S2005}
------

A 40-year-old female was diagnosed as tuberculous pleuritis and started a standardized therapy with isoniazid, rifampicin, ethambutol and pyrazinamide. A 2.0cm × 1.5cm new mass appeared in the right middle lobe after two months ([Figure 8](#F0008){ref-type="fig"}). Tuberculin skin test was positive. Other laboratory results were within normal ranges. The patient refused CT-guided percutaneous lung biopsy. PR was considered and the patient is followed now. The clinical characteristics of five patients are summarized in [Table 1](#T0001){ref-type="table"}.Table 1The Clinical Characteristics Of Five PatientsPatientAge (year)GenderPrimary DiseaseNew MassTime\* (Months)TreatmentSiteSize(cm)Margin152FemalePulmonary tuberculosisRight inferior lobe3.4×2.3IrregularSixIsoniazid, rifapentine, ethambutol235FemaleTuberculous pleuritisRight middle and inferior lobe3.9×2.9LobulatedFourIsoniazid, rifampicin, ethambutol, pyrazinamide317FemalePulmonary tuberculosisLeft-superior lobe1.4×0.8Irregular with central low densitySixIsoniazid, rifampicin, ethambutol, pyrazinamide435FemaleTuberculous pleuritisRight inferior lobe3.3×2.0Irregular with cavityThreeIsoniazid, rifampicin, ethambutol, pyrazinamide540FemaleTuberculous pleuritisRight middle lobe2.0×1.5IrregularTwoIsoniazid, rifampicin, ethambutol, pyrazinamide[^1] Figure 8Case 5. CT findings in the right middle pulmonary lobe. (**A** and **B**) A 2.0cm×1.5cm irregular mass appeared after two months of anti-tuberculosis treatment.

Discussion {#S0004}
==========

PR is a form of tuberculosis-immune reconstitution inflammatory syndrome (TB-IRIS) that may occur during or after completion of anti-TB therapy. It represents either a paradoxical worsening/recurring of pre-existing tuberculosis lesions or a development of new lesions in patients after effective anti-tuberculosis treatments.[@CIT0010] Several criteria are needed to be taken into consideration for diagnosis of PR, including the initial response to anti-tuberculosis treatments, paradoxical deterioration of TB-related symptoms and/or radiological findings, exclusion of alternative explanations for clinical deterioration such as drug resistance, poor adherence, drug side effects and other infections.[@CIT0011]

The five cases we reported were mainly pulmonary tuberculosis or tuberculous pleuritic. In fact, PR usually developed in patients with extrapulmonary tuberculosis. Extrapulmonary tuberculosis generally involves lymph node, central nervous system (CNS), pleura, abdomen, osteoarticular sites and disseminated tuberculosis. Breen et al^12^ made a retrospective study enrolling 100 patients with PR between February 1997 and February 2002. They showed that the rate of primary site of disease in extrapulmonary sites was much higher than that in lung regardless of HIV positive or negative. In another literature review[@CIT0001] that included a total of 122 episodes of PR from the articles between 1966 and 2001, the majority of primary lesions were also located at the extrapulmonary site, while the percentages of pulmonary tuberculosis and tuberculous pleuritis were 17.2% and 9.8%, respectively.

Paradoxical response can occur with a variety of systems including CNS, respiratory system, skin and soft tissue, lymph node, abdomen, bone and tendon.[@CIT0013],[@CIT0014] PR in the respiratory system is often manifested by worsening or new appearance of tuberculous effusion.[@CIT0015] The newly appeared pulmonary mass is infrequent and may occur in the patients with tuberculous pleural effusion. Choi et al^16^ retrospectively analyzed 141 patients with tuberculous pleural effusion. Of them, 16 (11.3%) patients developed peripheral pulmonary nodule or mass in a diameter of 1--5cm during anti-tuberculosis treatments. Almost all of the new lesions were ipsilateral to the side of previous effusion. The findings are in agreement with our cases. The potential cause of this phenomenon may be that invisible subpleural pulmonary tuberculosis underwent transient worsening despite anti-tuberculous medication and they became radiographically evident over time. Interestingly, one case similar to our case 1 was recently reported, in which a male patient with pulmonary tuberculosis developed a new irregularly shaped mass in the left-inferior pulmonary lobe after 6 months of anti-tuberculosis therapy.[@CIT0004] In another case series,[@CIT0017] five new lesions including ground-glass opacity and/or consolidation were discovered during the initial treatments of pulmonary tuberculosis. The lesions were mainly in the subpleural region where the predilection sites were in accordance with the cases we presented.

When an occupation appears during the treatment of anti-tuberculosis, a few different diagnoses should be taken into consideration. First, secondary infections, in particular, fungal infection which has become one of the major complications in elderly tuberculosis patients, should be distinguished.[@CIT0018] Imaging of fungal infections might present as nodule, mass or both of them. The margin could be lobulated, spiculated, smooth of ill-defined,[@CIT0019] which would be somehow difficult to distinguish on CT scans. Second, pulmonary tumor should be ruled out as there are many similarities of symptoms and radiological features between both diseases.[@CIT0020] A large cohort of study has demonstrated that pulmonary tuberculosis is a risk factor for subsequent lung cancer in all age groups, especially in the younger patients.[@CIT0021] Furthermore, diseases such as rheumatism should be verified especially in female patients. Some patients of rheumatoid arthritis (RA), granulomatosis vasculitis (Wegener's) and systemic lupus erythematosus could present with the pulmonary lesions such as pulmonary nodules. Intrapulmonary nodules may occur in \<1% RA patients and particularly during the treatment of traditional disease-modifying antirheumatic drugs (DMARDs) or anti-TNF.[@CIT0022] The laboratory results and clinical manifestation of our five patients did not support the diseases described above, suggestive of PR.

In our series, all patients were females. Other cohort studies have shown that gender is not associated with the incidence of PR.[@CIT0012],[@CIT0014],[@CIT0023] To know whether the female preference in our series is related to the form of PR, as our cases all showed new mass, or is just a coincidence, further investigation is warranted. Four patients developed new mass in the right lung, which is ipsilateral to their original lesions. This phenomena is in accordance with the previous report in which PR developed on the same side with primary tuberculosis, though contralateral or bilateral lesions can also occur.[@CIT0016] We assume that the site of PR might be related to its pathogenesis.

The mechanisms of PR remain elusive. A few hypotheses have been proposed. Since HIV-seropositive individuals are more vulnerable to PR[@CIT0023] and low baseline lymphocyte counts is a widely recognized risk factor in HIV-negative patients,[@CIT0024] host immunodeficiency may contribute to the development of Sun et al[@CIT0025] have conducted a systemic study among 64 consecutive solid organ transplant recipients with tuberculosis. Nine (14.1%) recipients developed PR which was similar to the frequency of other HIV-negative hosts. How immunodeficiency is involved in the pathogenesis of PR needs to be investigated. Rapid killing of bacilli with antibiotics may lead to the release of large amounts of microbial components, which could stimulate an exuberant inflammatory response. Higher baseline numbers of bacilli may potentiate this process and lead to PR.[@CIT0026] PR might also result from the recovery from tuberculosis-induced immunosuppression which might have led to a local hypersensitive response against massive mycobacterial antigens exposure following anti-tuberculosis treatments.[@CIT0003]

Currently, there is no guideline regarding management for PR. As many patients have exacerbated symptoms, a combination therapy of corticosteroid and anti-tuberculosis is recommended.[@CIT0027] The use of corticosteroid is systemic and short term. There are no severe steroid-related complications reported.[@CIT0014] Some patients without apparent clinical progression continued on the original anti-tuberculosis treatments, and their pulmonary masses were diminished eventually.[@CIT0004] Surgical interventions including drainage and aspiration are helpful when lesions show as abscess or pleural fluid.[@CIT0001] Vitamin D is recognized as an immune modulator in tuberculosis infection. It may mediate PR in anti-tuberculosis treatments.[@CIT0028] The patients in our cases adopted original anti-tuberculosis treatments without corticosteroid since they did not show worsening of the clinical symptoms and their general condition was good. The course of treatments should be based on the patient conditions. We extended the time of treatments according to the patients' absorption of the pulmonary masses.

Conclusion {#S0005}
==========

It is necessary to consider the paradoxical reaction when a new pulmonary mass occurs during anti-tuberculosis treatments. The diagnosis should be based on the patient's clinical manifestations, laboratory results, imaging examinations and lung biopsy examinations. For patients without severe clinical symptoms, the original anti-tuberculosis therapy can be continued, and a close follow-up is needed.
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[^1]: **Note:** \*The emergence time of new mass after anti-tuberculosis treatment.
